Abstract. In this study, performance of polyacrylamide grafted cellulose flocculant derived from Pandan leaves to treat reactive black 5 (RB5) dye from aqueous solution were investigated. Response surface methodology (RSM) and Box-Behnken design (BBD) of experiment were employed to identify the optimum condition for chemical oxygen demand (COD) reduction in RB5 dye. The optimization was based on three operating variables; initial dye concentration, flocculant dosage and pH. The optimum condition for COD reduction was achieved at initial dye concentration of 0.03 g/l with flocculant dosage of 0.06 g, at pH 11.72. Under this condition, the reduction of COD was achieved up to 54.24%. Linear and quadratic effects of flocculant dosage and pH are the most significant in affecting the degree of flocculation efficiency. The coefficient of determination (R 2 ) of 81.77% for percentage reduction of COD level confirms that the models used in predicting the degree of flocculation efficiency has a very good agreement with the experimental results.
Introduction
Synthetic dyes in textile wastewater are one of the most notorious organic contaminants that are seriously been concern as a global problem. This kind of water pollution is tremendously attack the flora and fauna, besides, leading to the damaging of eco system especially aquatic life through reducing the light penetration to water surface [1] . It is also owns serious toxicity and carcinogenic character. Floccculation is a favourable treatment technology due to the simplicity and a low cost treatment for wastewater [2] .
Flocculation is depends on the precision of the flocculation process variables. Hence, it is important to optimize the operating variables. Statistical method of response surface methodology (RSM) has been currently uses to done the optimization study. RSM is a collection of mathematical and statistical techniques based on the fit of a polynomial equation to the experimental data, which must describe the behaviour of a data set with the objective of making statistical previsions [3] .
This present study investigates the efficiency of polyacrylamide grafted cellulose (PAM-gcellulose) derived from Pandan leaves as a flocculant for RB5 dyes treatment in textile wastewater. To date, there are no reports on cellulose extracted from Pandan leaves being used as a polysaccharide to graft with polyacrylamide. Box-Behnken design (BBD) in RSM experiments have been used to build models and determine the optimum conditions. STATISTICA 8.0 was employed for data analysis. The reduction of chemical oxygen demand (COD) level was observed throughout the jar test experiments. In addition, the statistical design was based on three factors (initial dye concentration, flocculant dosage and pH) and one response (percentage reduction of COD level).
Materials and Method
Jar Test Experiment. Jar test experiments was used to conduct the flocculation process. Firstly, a flocculant was added to the dye solution and stirred with rapid and slow mixing rate. The rapid mixing rate used for this experiment was 200 rpm for 3 minutes. While for slow mixing rate, 30 rpm was operated for 30 minutes. Then, the suspension was allowed to settle for 30 minutes. After that, the supernatant was withdrawn from the top layer of the suspension. Table 1 shows the value for independent variables as generated by BBD using STATISTICA software of version 8.0. (1) Fig. 1a shows the parity plot compares the observed experimental of percentage reduction of COD with the predicted values. The value of coefficient of determination (R 2 ) for percentage reduction of COD is 0.81771. Wan Omar and Saidina Amin [4] claimed that, the empirical model is adequate to explain most of the variability in the assay reading that should be at least 0.75. Fig. 1b shows a pareto chart and the corresponding P-value of the variables in Eq 1. The P-value serves as a tool to check the significance of each coefficient. As demonstrated in the figure, the largest effect on COD reduction is the interaction of linear term of pH and quadratic terms of flocculant dosage. This finding was meet an agreement with Khoani et al. [5] statement that both pH and flocculant dosage are important factors in treating dyes.
The analysis of variance (ANOVA) indicates that the empirical models for the percentage reduction of COD give good predictions at high confidence level (95%). The F-values for the percentage reduction for the response is 5.98. This shows a higher value compared to the tabulated F-values (F 0.05 = 3.58) at 0.05 significant level. Fig. 2 . It can be clearly seen in Fig. 2a that, flocculant dosage is the most significant and dominant factor compared to the initial dye concentration factor. The result implies that the flocculation efficiency in initial dye concentration and COD removal is most dependent on flocculant dosage. This could be explains that, the flocculant used has high charge density [6] . A high charge density can perform an excellent performance of percentage reduction of COD level [7] . The interaction of initial dye concentration and pH on COD removal is shown in Fig. 2b . The result reveals that there is no significant interaction between pH and initial dye concentration on the percentage reduction of COD. Fig. 2c illustrates the surface and contour plot for interaction of flocculant dosage and pH. The interaction of both factors is also significant enough to obtain a good reduction percentage of COD. Optimization of Percentage Reduction of COD. The operating conditions were optimized to obtain the highest percentage reduction of COD level. The response surface analysis indicated that COD reduction predicted optimum value was 54.24% with optimum conditions of 0.03 g/l, 0.06 g of flocculant dosage at initial pH 11.72. All the experiments were carried out three times to validate the optimization results obtained by the response surface analysis. The observed value of COD reduction percentage is 54.03%. The error was 0.38% for percentage reduction of COD level when comparing the observed and predicted value.
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Conclusion
According to the experimental results, it can be concluded that polyacrylamide grafted cellulose flocculant can be used as a flocculant, for reduction of COD level in flocculation. The variables included flocculant dosage and pH of the suspension gave a significant effect on the percentage reduction of COD level. The interaction between all the factors can be clearly shown with their effect on the response.
